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(57) Disclosed are electrolyte compositions for de- 
positing tin or tin-alloys at various current densities. Also 



disclosed are methods of plating such tin or tin-alloys 
on substrates, such as the high speed tin plating of steel. 
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Description 

Background of the invention 

[0001] This invention relates generally to the field of 
plating metal on a substrate. In particular, the present 
invention relates to electrolyte compositions and meth- 
ods for depositing tin. 

[0002] Electroplating baths for depositing tin, lead, or 
their alloys have been used for many years in electro- 
plating equipment. High speed electroplating equipment 
and processes are well-known in the industry and gen- 
erally consist of directing the work to be plated into the 
electroplating cell from one end, allowing the work to 
proceed through the electroplating cell and exit thereaf- 
ter the cell at the other end. The electroplating solution 
is removed or overflows the electroplating cell into a res- 
ervoir and the solution is pumped from the reservoir 
back into the electroplating cell to provide vigorous ag- 
itation and solution circulation. Many variations of these 
electroplating cells can exist, but the general features 
are as described. 

[0003] There are a number of desirable features that 
the electroplating solution should possess for improved 
operation in this type of equipment or processing, as fol- 
lows. The solution must be able to electroplate the de- 
sired deposit at the high speeds required. The solution 
must deposit tin which meets the solderability or reflow 
requirements of the specific application. The solution 
should be stable and the additives in the solution must 
withstand exposure to the strong acid solution as well 
as to the introduction of air, which would take place as 
a result of the vigorous solution movement in high speed 
plating machines. The solution should remain clear and 
free from turbidity, even at elevated temperatures such 
as 1 20 to 1 30° F or higher. Due to the high current den- 
sities involved it is often advantageous to operate these 
solutions at an elevated temperature. The additives 
used must be of a type that will not turn the solution tur- 
bid at such elevated temperatures. 
[0004] Due to the vigorous solution movement and 
solution mixing with air in such high speed plating proc- 
esses, there is a strong tendency to produce a foam 
which is detrimental to the electroplating process. Under 
extreme conditions, this foam can build up in the reser- 
voir tank with resultant overflow onto the floor, thereby 
losing a large quantity of solution to the waste stream. 
Foam can also interfere with the operation of the pump 
that is being used to generate agitation. Arcing between 
the anode and cathode is also possible due to the pres- 
ence of foam. Thus, the additives used in the electro- 
plating solutions should not generate foam in the plating 
equipment. 

[0005] Many electrolytes have been proposed for 
electroplating tin, lead, and tin/lead alloys. For example, 
U.S. Patent No. 5,174,887 (Federman et al.) discloses 
a process for the high speed electroplating of tin having 
as a surfactant an alkylene oxide condensation product 



of an organic compound having at least one hydroxy 
group and 20 carbon atoms or less. The organic com- 
pounds include an aliphatic hydrocarbon of between 1 
and 7 carbon atoms, an unsubstituted aromatic com- 

5 pound or an alkylated aromatic compound having 6 car- 
bon atoms or less in the alkyl moiety. 
[0006] U.S. Patent No. 5,871,631 (Ichiba et al.) dis- 
closes a divalent tin salt of an organic sulfonic acid, an 
antioxidant, and a brightening agent having an additive 

10 ingredient (A) prepared by adding propylene oxide to 
polyoxyethylene glycol and having an average molecu- 
lar weight ranging from 3000 to 1 8000; and an additive 
ingredient (B) prepared by adding propylene oxide to 
polyoxyethylene glycol and having an average molecu- 

15 lar weight ranging from 300 to 1 500; where the weight 
ratio of (A) to (B) is from 97/3 to 40/60. 
[0007] During use, a high speed tinplate line may slow 
down, such as when a new metal coil is welded to the 
end of the metal strip that is being plated. During such 

20 s |ow down periods the rate at which the metal substrate 
passes through the electroplating bath slows down, 
Theoretically, in order to maintain a consistent tin or tin- 
alloy deposit thickness, i.e. coating weight, the plating 
bath must be run at a lower current density. However, 

25 current tin and tin-alloy high speed electroplating baths, 
including those discussed above, fail to produce a con- 
sistent appearance of tin or tin-alloy over a sufficiently 
wide current density range to allow for such slow down 
periods. 

30 [0008] There is thus a continuing need for plating 
baths that will deposit tin or tin-alloys over a wide current 
density range while maintaining a uniform deposit ap- 
pearance over the current density range, particularly for 
use in high speed plating systems. 

35 

Summary of the Invention 

[0009] It has been surprisingly found that tin or tin-al- 
loy may be uniformly deposited over a wide current den- 

40 sity range using the electrolyte compositions of the 
present invention. It has been further surprisingly found 
that the electrolyte compositions of the present inven- 
tion plate tin or tin-alloy at high current densities with 
low metal concentrations, while producing a uniform de- 

45 posit appearance over the entire current density range. 
[001 0] In a first aspect, the present invention provides 
an electrolyte composition for depositing tin or tin-alloy 
on a substrate, including one or more tin compounds, 
one or more acidic electrolytes, one or more alkylene 

50 oxide compounds, one or more polyalkylene glycols and 
optionally one or more additives. 
[0011] In a second aspect, the present invention pro- 
vides a method for depositing tin or tin-alloy on a sub- 
strate including the steps of contacting the substrate 

55 with the electrolyte composition described above and 
applying a sufficient current density to the electrolyte 
composition to deposit the tin or tin-alloy on the sub- 
strate. 
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[0012] In a third aspect, the present invention pro- 
vides a substrate having a tin or tin-alloy deposited ther- 
eon according to the method described above. 
[0013] In a fourth aspect, the present invention pro- 
vides a method for high speed electroplating of tin or tin- 
alloys including the steps of: a) utilizing high speed elec- 
troplating equipment comprising an electroplating cell; 
an overflow reservoir adjacent the cell; means for re- 
turning solution from the reservoir to the electroplating 
cell; means for directing a substrate to be plated from 
an entry point at one end of the cell to an exit at a second 
end of the cell; b) introducing an electrolyte including a 
basis solution of one or more tin compounds, one or 
more acidic electrolytes, one or more alkylene oxide 
compounds, one or more polyalkylene glycols and op- 
tionally one or more additive; and c) continuously elec- 
troplating substrates with tin or tin-alloy at a sufficient 
current density and at a sufficient temperature for high 
speed electroplating as the substrates pass through the 
electroplating solution within the cell. 

Brief Description of the Drawing 

[0014] FIG. 1 is a cross-sectional view of an electro- 
plating cell for depositing tin on a metal strip. 

Detailed Description of the Invention 

[0015] As used throughout this specification, the fol- 
lowing abbreviations shall have the following meanings, 
unless the context clearly indicates otherwise; ° C = de- 
grees Centigrade; ° F = degrees Fahrenheit; g = gram; 
L = liter; ml_ = milliliter; wt% = percent by weight; ppm = 
parts per million; " = inches; cm = centimeters; rpm = 
revolutions per minute; and ASF = amps per square foot. 
The terms "depositing" and "plating" are used inter- 
changeably throughout this specification. "Halide" re- 
fers to fluoride, chloride, bromide and iodide, "Alky!" re- 
fers to linear, branched and cyclic alkyl. All percentages 
are by weight, unless otherwise noted. All numerical 
ranges are inclusive and combinable. 
[0016] The electrolyte compositions of the present in- 
vention include one ormoretin compounds, one ormore 
acidic electrolytes, one or more alkylene oxide com- 
pounds, one or more polyalkylene glycols and optionally 
one or more additives to enhance the efficiency and/or 
quality of the plating. 

[0017] The one or more tin compounds useful in the 
present invention are any solution soluble tin com- 
pound. Suitable tin compounds include, but are not lim- 
ited to salts, such as tin halides, tin sulfates, tin alkane 
sulfonate such as tin methane sulfonate, tin aryl sul- 
fonate such as tin phenyl sulfonate and tin toluene sul- 
fonate, tin alkanol sulfonate, and the like. When tin hal- 
ide is used, it is preferred that the halide is chloride. It 
is preferred that the tin compound is tin sulfate, tin chlo- 
ride, tin alkane sulfonate or tin aryl sulfonate, and more 
preferably tin sulfate or tin methane sulfonate, The tin 



compounds useful in the present invention are generally 
commercially available from a variety of sources and 
may be used without further purification. Alternatively, 
the tin compounds useful in the present invention may 

5 be prepared by methods known in the literature. 

[001 8] The amount of tin compound useful in the elec- 
trolyte compositions of the present invention is any 
amount that provides a tin content typically in the range 
of 5 to 100 g/L, and preferably 10 to 70 g/L. When the 

10 compositions of the present invention are used in a low 
speed plating process, the amount of tin present in the 
electrolyte composition is typically in the range of 5 to 
40 g/L, and preferably 1 0 to 20 g/L. When the composi- 
tions of the present invention are used in a high speed 

is plating process, the amount of tin present in the electro- 
lyte composition is typically in the range of 20 to 1 00 g/ 
L, and preferably 50 to 70 g/L. When the compositions 
of the present invention are used in high speed tin plat- 
ing of steel, the amount of tin is typically in the range of 

20 5 to 50 g/L, and preferably 1 0 to 30 g/L. Mixtures of tin 
compounds may also be used advantageously in the 
present invention, provided that the total amount of tin 
is in the range of from 5 to 100 g/L. 
[0019] Any acidic electrolyte that is solution soluble 

25 and does not otherwise adversely affect the electrolyte 
composition may be used advantageously in the 
present invention, Suitable acidic electrolytes include, 
but are not limited to alkane sulfonic acids, such as 
methane sulfonic acid, aryl sulfonic acids such as phe- 

30 nyl sulfonic acid or toluene sulfonic acid, sulfuric acid, 
sulfamic acid, hydrochloric acid, hydrobromic acid and 
fluoroboric acid. Mixtures of acidic electrolytes are par- 
ticularly useful, such as, but not limited to, mixtures of 
alkane sulfonic acids and sulfuric acid. Thus, more than 

35 one acidic electrolyte may be used advantageously in 
the present invention. The acidic electrolytes useful in 
the present invention are generally commercially avail- 
able and may be used without further purification. Alter- 
natively, the acidic electrolytes may be prepared by 

40 methods known in the literature. 

[0020] Typically, the amount of acidic electrolyte is in 
the range of 1 0 to 400 g/L, and preferably 1 00 to 200 g/ 
L. When the compositions of the present invention are 
used in the high speed tin plating of steel, the acidic elec- 
ts trolyte is typically present in an amount in the range of 
20 to 80 g/L, and preferably 30 to 60 g/L. It is preferred 
that when the tin compound is a halide that the acidic 
electrolyte is the corresponding acid. For example, 
when tin chloride is used in the present invention, it is 

50 preferred that the acidic electrolyte is hydrochloric acid. 
[0021] The one or more alkylene oxide compounds 
useful in the present invention are any which yield de- 
posits having good solderability, good matte or lustrous 
finish with satisfactory grain refinement, are stable in the 

55 acidic electroplating bath, electroplate at high speeds, 
are substantially low foaming, and provide a cloud point 
of the bath above about 110° F (43° to 44° C). It is pre- 
ferred that the alkylene oxide compounds provide no 
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foam to the bath during the electroplating process. Suit- 
able alkylene oxide compounds include, but are not lim- 
ited to, ethylene oxide / propylene oxide ("EO/PO") co- 
polymers, alkylene oxide condensation products of an 
organic compound having at least one hydroxy group 
and 20 carbon atoms or less, compounds prepared by 
adding oxypropylene to polyoxyethylene glycol, and the 
like. Typically, the EO/PO copolymers have an average 
molecular weight in the range of from about 500 to about 
10,000, and preferably from about 1000 to about 5000. 
It is preferred that the alkylene oxide compound is an 
EO/PO copolymer. 

[0022] Suitable alkylene oxide condensation products 
of an organic compound having at least one hydroxy 
group and 20 carbon atoms or less include those having 
an aliphatic hydrocarbon of from one to seven carbon 
atoms, an unsubstituted aromatic compound or an 
alkylated aromatic compound having about six carbon 
atoms or less in the alkyl moiety, such as those dis- 
closed in U.S. Patent No. 5,174,887, herein incorporat- 
ed by reference to the extent it teaches the preparation 
and use of these compounds. The aliphatic alcohols 
may be saturated or unsaturated. Suitable aromatic 
compounds are those having up to two aromatic rings. 
The aromatic alcohols typically have up to 20 carbon 
atoms prior to derivatization with ethylene oxide ("EO"). 
Such aliphatic and aromatic alcohols may be further 
substituted, such as with sulfate or sulfonate groups. 
Such suitable alkylene oxide compounds include, but 
arc not limited to: ethyloxylated polystyrenated phenol 
having 12 moles of EO, ethyloxylated butanol having 5 
moles of EO, ethyloxylated butanol having 16 moles of 
EO, ethyloxylated butanol having 8 moles of EO, ethyl- 
oxylated octanol having 12 moles of EO, ethyloxylated 
beta-naphthol having 13 moles of EO, ethyloxylated bi- 
sphenol A having 1 0 moles of EO, ethyloxylated sulfated 
bisphenol A having 30 moles of EO and ethyloxylated 
bisphenol A having 8 moles of EO. 
[0023] Typically, the one or more alkylene oxide com- 
pounds are present in the electrolyte compositions of 
the present invention in an amount of from 0.1 to 1 5 ml7 
L, and preferably 0.5 to 10 mL/L. 
[0024] The one or more polyalkylene glycols useful in 
the present invention are any which are compatible with 
the electrolyte composition, yield deposits having good 
solderability, good matte or lustrous finish with satisfac- 
tory grain refinement, are stable in the acidic electroplat- 
ing bath, electroplate at high speeds, are substantially 
low foaming, and provide a cloud point of the bath above 
about 110° F (43° to 44° C). It is preferred that the 
alkylene oxide compounds provide no foam to the bath 
during the electroplating process. Suitable polyalkylene 
glycols include, but are not limited to, polyethylene gly- 
col and polypropylene glycol, and preferably polyethyl- 
ene glycol. Such polyalkylene glycols are generally 
commercially available from a variety of sources and 
may be used without further purification. 
[0025] Typically, the polyalkylene glycols useful in the 
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present invention are those having an average molecu- 
lar weight in the range of from about 200 to about 
100,000, and preferably from about 900 to about 
20,000. Such polyalkylene glycols are present in the 
5 electrolyte compositions of the present invention in an 
amount of from about 0.1 to about 15 g/L, preferably 
from about 0.25 to about 10 g/L, and more preferably 
from about 0.5 to about 8 g/L. 

[0026] It will be appreciated by those skilled in the art 

10 that one or more other metal compounds may be com- 
bined with the electrolyte composition of the present in- 
vention. Such other metal compounds are necessary for 
the plating of tin-alloys. Suitable other metals include, 
but are not limited to, lead, nickel, copper, bismuth, zinc, 

15 silver, indium and the like. The other metal compounds 
useful in the present invention are any which provide the 
metal to the electrolyte composition in a soluble form. 
Thus, the metal compounds include, but are not limited 
to, salts, such as metal halides, metal sulfates, metal 

20 alkane sulfonate such as metal methane sulfonate, met- 
al aryl sulfonate such as metal phenyl sulfonate and 
metal toluene sulfonate, metal aikanol sulfonate, and 
the like, The choice of other metal compound and the 
amount of such other metal compound present in the 

25 electrolyte composition depends upon the tin-alloy to be 
deposited, and is well known to those skilled in the art. 
[0027] It will be appreciated by those skilled in the art 
that one or more other additives may be combined with 
the electrolyte composition of the present invention, 

30 such as reducing agents, grain refiners such as hydroxy 
aromatic compounds and other wetting agents, bright- 
ening agents and the like. Mixtures of additives may also 
be used in the present invention. 
[0028] Reducing agents may be added to the electro- 
ns lyte composition of the present invention to assist in 
keeping the tin in a soluble, divalent state. Suitable re- 
ducing agents include, but are not limited to, hydroqui- 
none and hydroxylated aromatic compounds, such as 
resorcinol, catechol, and the like. Such reducing agents 

40 are disclosed in U.S. Patent No. 4,871,429, herein in- 
corporated by reference to the extent it teaches the 
preparation and use of such compounds. The amount 
of such reducing agent is well known to those skilled in 
the art, but is typically in the range of from about 0.1 g/ 

45 L to about 5 g/L. 

[0029] Bright deposits may be obtained by adding 
brighteners to the electrolyte compositions of the 
present invention. Such brighteners are well known to 
those skilled in the art. Suitable brighteners include, but 

50 are not limited to aromatic aldehydes such as chlo- 
robenzaldehyde, derivatives of aromatic aldehydes 
such as benzal acetone, and aliphatic aldehydes such 
as acetaldehyde or glutaraldehyde. Such brighteners 
are typically added to the compositions of the present 

55 invention to improve the appearance and reflectivity of 
the deposit. Typically, brighteners are used at an amount 
of 0.5 to 3 g/L, and preferably 1 to 2 g/L. 
[0030] It will be appreciated by those skiJIed in the art 
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that hydroxy aromatic compounds or other wetting 
agents may be added to the electrolyte compositions of 
the present invention to provide further grain refinement, 
Such grain refiners may be added to the electrolyte com- 
position of the present invention to further improve de- 
posit appearance and operating current density range. 
Suitable other wetting agents include, but are not limited 
to: alkoxylates, such as the polyethoxylated amines 
JEFFAMINE T-403 or TRITON RW, or sulfated alkyl 
ethoxylates, such as TRITON QS-1 5, and gelatin or gel- 
atin derivatives. The amounts of such grain refiners use- 
ful in the present invention are well known to those 
skilled in the art and typically arc in the range of 0.01 to 
20 mL/L, preferably 0.5 to 8 mL/L, and more preferably 
1 to 5 mL/L. 

[0031] Which optional additives, if any, are added to 
the electrolyte compositions of the present invention de- 
pends upon the results and types of deposits desired. It 
will be clear to one skilled in the art which additives and 
in what amounts are needed to achieve the desired fin- 
ished deposit. 

[0032] Electroplating baths containing the electrolyte 
compositions of the present invention are typically pre- 
pared by adding to a vessel one or more acidic electro- 
lytes, followed by one or more tin compounds, one or 
more alkylene oxide compounds, one or more poly- 
alkylene glycols and then one or more other additives. 
Other orders of addition of the components of the com- 
positions of the present invention may be used. Once 
the bath is prepared, undesired material is removed, 
such as by filtration, and then water is added to adjust 
the final volume of the bath. The bath may be agitated 
by any known means, such as stirring, pumping, sparg- 
ing or jetting the solution, for increased plating speed. 
[0033] The electrolyte compositions of the present in- 
vention and plating baths prepared therefrom typically 
are acidic, i.e. having a pH of less than 7, typically less 
than 1 . An advantage of the electrolyte compositions of 
the present invention is that pH adjustment of the elec- 
troplating bath is not necessary. 

[0034] The electrolyte compositions of the present in- 
vention are useful in any plating method where a tin or 
tin-alloy deposit is desired. Suitable plating methods in- 
clude, but are not limited to barrel plating , rack plating 
and high speed plating. A tin or tin-alloy deposit may be 
plated on a substrate by the steps of contacting the sub- 
strate with the electrolyte composition described above 
and passing a current through the electrolyte to deposit 
the tin or tin-alloy on the substrate. Any substrate that 
can be electrolytically plated with a metal is suitable for 
plating according to the present invention. Suitable sub- 
strates include, but are not limited to: steel, copper, cop- 
per alloys, nickel, nickel alloys, nickel-iron containing 
materials, electronic components, plastics, and the like. 
Suitable plastics include plastic laminates, such as print- 
ing wiring boards, particularly copper clad printed wiring 
boards. The electrolyte compositions of the present in- 
vention are particularly suitable for electroplating of 



steel, particularly in high speed electroplating process- 
es. 

[0035] The substrate to be plated may be contacted 
with the electrolyte composition in any manner known 
5 in the art. Typically, the substrate is placed in a bath con- 
taining the electrolyte composition of the present inven- 
tion. 

[0036] Typically, the current density used to plate the 
tin or tin-alloy of the present invention is in the range of, 
10 but not limited to, 1 to 2000 ASP. When a low speed 
electroplating process is used, the current density is typ- 
ically in the range of 1 to 40 ASF, and preferably 1 to 30 
ASF. When a high speed electroplating process is used, 
the current density is typically in the range of 50 to 2000 
is ASF, and preferably 100 to 1500 ASF. For example, 
when the electrolyte compositions of the present inven- 
tion are used to deposit tin on steel in a high speed plat- 
ing processes, a suitable current density is 100 to 600 
ASP, resulting in a tin deposit having a thickness of typ- 

20 ically from 5 to 1 00 microinches. 

[0037] Typically, the tin or tin-alloy of the present in- 
vention may be deposited at a temperature in the range 
of, but not limited to, 60° to 150° F (15° to 66° C) or 
higher, and preferably 70° to 125° F (21 ° to 52° C), and 

25 more preferably 75° to 120° F (23° to 49° C). 

[0038] In general, the length of time a substrate re- 
mains in a plating bath containing the electrolyte com- 
positions of the present invention is not critical. Longer 
times typically result in thicker deposits while shorter 

30 times typically result in thinner deposits, for a given tem- 
perature and current density. Thus, the length of time a 
substrate remains in a plating bath may be used to con- 
trol the thickness of the resulting deposit. 
[0039] The electrolyte compositions of the present in- 

35 vention are particularly useful for depositing tin, but may 
also be used to deposit tin-alloys containing 60 to 99.5 
wt% tin and 0.5 to 40 wt% other metals, based on the 
weight of the alloy, as measured by either atomic ad- 
sorption spectroscopy ("AAS") or inductively coupled 

40 plasma ("ICP"). 

[0040] A further advantage of the electrolyte compo- 
sitions of the present invention is that they may be suc- 
cessfully used to deposit tin or tin-alloy in a high speed 
electroplating process. The term "high speed electro- 

45 plating" refers to those processes which operate at a 
current density about 50 ASF or greater using the above 
described equipment. Typical current densities are in 
the range of 50 to 2000 ASF or higher, preferably 100 
to 1 500 ASF, and more preferably 200 to 500 AS F. Typ- 

50 ically, such processes also operate above a tempera- 
ture of about 70° F (21° C). Suitable temperatures in- 
clude, but arc not limited to, those in the range of 70° to 
140° F (21° to 60° C) or higher, preferably greater than 
85° F (29° C), and more preferably greater than 95° F 

55 (35° C). 

[0041 ] The electrolyte compositions of the present in- 
vention are particularly suitable for tin electroplating of 
steel, particularly in high speed electroplating process- 
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es. When the compositions of the present invention are 
used in high speed tin plating of steel, the amount of tin 
is typically in the range of 5 to 50 g/L, and preferably 1 0 
to 30 g/L. The acidic electrolyte is typically present in 
such compositions in an amount in the range of 20 to 
80 g/L, and preferably 30 to 60 g/L, Current densities of 
1 00 to 600 ASF arc suitable for the high speed tin plating 
of steel according to the present invention. Suitable tem- 
peratures include, but are not limited to, those in the 
range of 70° to 140° F (21° to 60° C) or higher, prefer- 
ably greater than 85° F (29° C), and more preferably 
greater than 95° F. 

[0042] Such a method for high speed electroplating of 
tin or tin-alloys, such as on steel, includes the steps of: 
a) utilizing high speed electroplating equipment com- 
prising an electroplating cell; an overflow reservoir ad- 
jacent the cell; means for returning solution from the res- 
ervoir to the electroplating cell; means for directing a 
substrate to be plated from an entry point at one end of 
the cell to an exit at a second end of the cell; b) intro- 
ducing an electrolyte including a basis solution of one 
or more tin compounds, one or more acidic electrolytes, 
one or more alkylene oxide compounds, one or more 
polyalkylene glycols and optionally one or more addi- 
tives; and c) continuously electroplating substrates with 
tin or tin-alloy at a sufficient current density and at a suf- 
ficient temperature for high speed electroplating as the 
substrates pass through the electroplating solution with- 
in the cell. 

[0043] The returning means may be any known 
means, such as tubes, hoses, conduits, pumps, drains 
and the like. The directing means may be any known 
means, such as conveyors, belts, rollers, robot arms 
and the like. 

[0044] The high speed electroplating process of the 
present invention may be performed using any of a va- 
riety of high speed electroplating equipment. Such high 
speed electroplating equipment is well known to those 
skilled in the art, such as, for example, that disclosed in 
US Pat. No. 3,819,502, herein incorporated by refer- 
ence to the extent it teaches such equipment. One typ- 
ical apparatus utilizes an electroplating cell as shown in 
Fig. 1 . This cell 1 00 includes a tank 1 1 0 for retaining the 
electrolyte 120 therein and tin anodes 130 for supplying 
tin to the electrolyte. Steel strip 140 passes around a 
conductor roll 1 50 and downwardly into the cell 1 1 0 be- 
tween tin anodes 130. As the strip 140 passes down- 
wardly between the anodes 130, a tin coating begins to 
deposit thereon. Thereafter, strip 140 passes around 
sink roll 160 located near the bottom of the cell 100 and 
then passes upwardly between additional anodes 130 
for receiving additional tin deposition before exiting the 
cell. Thereafter, strip 140 passes around another con- 
ductor roll 150 and into an adjacent cell. A plurality of 
such cells are utilized in a tin-plate production machine 
to deposit the appropriate amount of tin coating on the 
steel strip. 

[0045] Although not shown in the figure, the plating 



electrolyte is continuously circulated between the sys- 
tem and a storage tank. The solution is primarily 
pumped into the bottom of each cell, The solution in 
each cell is maintained at the appropriate level by the 

5 use of an overflow. Solution collected from the overflow 
is directed to the storage tank for recirculation. 
[0046] After exiting the last cell, the strip passes 
through electrolyte recovery and rinsing stations. Re- 
covered electrolyte is directed to the storage tank for 

10 recirculation. Rinsing is conducted in a second tank by 
a system of hot water sprays and wringer rolls. Finally, 
the tinplate is dried by passing through an air dryer to 
complete the electroplating operation. When a bright de- 
posit is desired, the tinplate is subject to conventional 

is reflow processing. 

[0047] The following examples are intended to illus- 
trate further various aspects of the present invention, 
but are not intended to limit the scope of the invention 
in any aspect. 

20 

Example 1 

[0048] An electrolyte composition was prepared con- 
taining 1 5 g/L tin from tin methane sulfonate, 40 g/L free 
25 methane sulfonic acid, 1 g/L sulfuric acid, 0.5 g/L of an 
EO/PO copolymer having an average molecular weight 
of 2200, 0.5 g/L polyethylene glycol having an average 
molecular weight of 6000, and 0.25 g/L of a reducing 
agent. An electrolyte bath was prepared by combining 
30 the electrolyte composition with water to provide the de- 
sired volume. 

[0049] A steel panel, 6" x 2.5" (15,24 cm x 6.35 cm), 
was wrapped around a conductive mandrel and rotated 
at a speed of 1 500 rpm in the electrolyte at a tempera- 
3s ture of 40° C. The panel was then electroplated using a 
current density of 300 ASF to deposit a tin coating ap- 
proximately 50 microinches thick. The steel panel was 
subsequently rinsed, dried and the deposit was reflowed 
to produce a brilliant, reflective tin coating. 

40 

Example 2 

[0050] An electrolyte composition was prepared con- 
taining 20 g/L tin from tin methane sulfonate, 30 g/L free 

45 methane sulfonic acid, 1 g/L sulfuric acid, 1 .5 g/L of an 
EO/PO copolymer having an average molecular weight 
of 2200, 0.5 g/L of a polyethylene glycol having an av- 
erage molecular weight of 14,000, and 1.0 g/L of a re- 
ducing agent. An electrolyte bath was prepared by.com- 

50 bining the electrolyte composition with water to provide 
the desired volume and operated at a temperature of 
130° F. 

[0051] The electrolyte composition was placed in a 
Hull cell and a steel panel was electroplated using 3 am- 
55 peres. The resultant panel had a smooth, uniform , matte 
tin deposit from the low current density edge to approx- 
imately W (1 .9 cm) from the high current density edge. 



30 
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Example 3 

[0052] An electrolyte composition was prepared con- 
taining 50 g/L tin from tin methane sulfonate, 100 g/L 
free methane sulfonic acid, 1 .0 g/L of an EO/PO copol- 
ymer having an average molecular weight of 2200, 1 .0 
g/L of a polyethylene glycol having an average molecu- 
lar weight of 1 4000, 0.5 g/L of a reducing agent, and 0.1 
g/L of a grain refiner, An electrolyte bath was prepared 
by combining the electrolyte composition with water to 
provide the desired volume and operated at a tempera- 
ture of 110° F. 

[0053] The electrolyte composition was placed in a 
Hull cell and a steel panel was electroplated using 5 am- 
peres. The resultant panel had a smooth, uniform, matte 
tin deposit from the low current density edge to approx- 
imately %" (1 .9 cm) from the high current density edge. 



8. The electrolyte composition of claim 1 wherein the 
alkylene oxide compound is present in an amount 
of from 0,1 to 15 mL/L. 

5 9. The electrolyte composition of claim 1 wherein the 
polyalkylene glycol is selected from polyethylene 
glycol or polypropylene glycol. 

10. The electrolyte composition of claim I wherein the 
10 polyalkylene glycol has an average molecular 

weight of from about 200 to about 1 00,000. 

1 1 . The electrolyte composition of claim 1 0 wherein the 
polyalkylene glycol is present in an amount of from 

'5 0.1 to 15 g/L. 

12. The electrolyte composition of claim 1 further com- 
prising water. 



Claims 

1. A electrolyte composition for depositing tin or tin- 
alloy on a substrate, comprising one or more tin 
compounds, one or more acidic electrolytes, one or 
more alkylene oxide compounds, one or more poly- 
alkylene glycols and optionally one or more addi- 
tives. 

2. The electrolyte composition of claim 1 wherein the 
tin compound is selected from tin halides, tin sul- 
fates, tin alkane sulfonate, tin aryl sulfonate, or tin 
alkanol sulfonate. 



20 13. The electrolyte composition of claim 1 wherein the 
additives are selected from reducing agents, grain 
refiners, brightening agents and mixtures thereof. 

14. A method for depositing tin or tin-alloy on a sub- 
25 strate comprising the steps of contacting the sub- 
strate with the electrolyte composition of claim 1 
and applying a sufficient current density to the elec- 
trolyte composition to deposit the tin or tin-alloy on 
the substrate. 

30 

15. A substrate having a tin or tin-alloy deposited ther- 
eon according to the method of claim 14. 

1 6. The method of claim 1 4 wherein the current density 
is in the range of 1 to 2000 ASF. 

17. A method for high speed electroplating of tin or tin- 
alloys comprising the steps of: a) utilizing high 
speed electroplating equipment comprising an 
electroplating cell; an overflow reservoir adjacent 
the cell; means for returning solution from the res- 
ervoir to the electroplating cell; means for directing 
a substrate to be plated from an entry point at one 
end of the cell to an exit at a second end of the cell; 
b) introducing an electrolyte including a basis solu- 
tion of one or more tin compounds, one or more 
acidic electrolytes, one or more alkylene oxide com- 
pounds, one or more polyalkylene glycols and op- 
tionally one or more additive; and c) continuously 
electroplating substrates with tin or tin-alloy at a suf- 
ficient current density and at a sufficient tempera- 
ture for high speed electroplating as the substrates 
pass through the electroplating solution within the 
cell. 



3. The electrolyte composition of claim 1 wherein the 
tin compound is present in an amount in the range 35 
of from 5 to 100 g/L. 

4. The electrolyte composition of claim I wherein the 
acidic electrolyte is selected from alkane sulfonic 
acids, aryl sulfonic acids, sulfuric acid, sulfamic ac- 40 
id, hydrochloric acid, hydrobromic acid and fluoro- 
boric acid. 

5. The electrolyte composition of claim 1 wherein the 
acidic electrolyte is present in an amount in the *5 
range of 10 to 400 g/L. 

6. The electrolyte composition of claim 1 wherein the 
alkylene oxide compound is selected from ethylene 
oxide / propylene oxide block copolymers, alkylene 50 
oxide condensation products of an organic com- 
pound having at least one hydroxy group and 20 
carbon atoms or less, or compounds prepared by 
adding oxypropylene to polyoxyethylene glycol. 

55 

7. The electrolyte composition of claim 1 wherein the 
alkylene oxide compound has an average molecu- 
lar weight of from about 500 to about 10,000. 
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